H I G H L I G H T S
• Monoculture rubber plantations in Asia cause serious negative environmental impact.
• Impact involves biophysical, hydrological, climatic, socio-economic, cultural aspects.
• With stakeholders in SW China, we explored integrative perspectives on 'green' rubber.
• Maintaining incomes is considered a key challenge to conserving natural resources.
• For a 'green transformation', social innovation will need to complement technologies.
G R A P H I C A L A B S T R A C T
a b s t r a c t a r t i c l e i n f o 1. Introduction: the need to 'green' rubber cultivation
The greening of agriculture, which is about making agriculture more ecologically and socially sustainable, is a topic of much study and debate across the globe (e.g. EEA, 2012; FAO, 2012; Scherr et al., 2015; UNEP, 2011) . This includes the role of agriculture-forest landscapes in climate change mitigation (Agrawal et al., 2014) . The concept of 'green' rubber relates to this, implying notions of reduced negative environmental and socio-economic impacts resulting from the cultivation of natural rubber. The rapid expansion of rubber crops, especially in Southeast Asia and Southwest China (e.g. Xu et al., 2014) , has led to widespread replacement of biodiverse landscapes with monoculture plantations Warren-Thomas et al., 2015) . The concerns raised are similar to those relating to other tropical monocultures such as oil palm (Clay, 2004; Fitzherbert et al., 2008) and in broader terms are associated with the effects of expanding agriculture (e.g. Laurance et al., 2014) . The negative environmental and social impacts of expanding rubber plantations have become a focus of much study (Ahrends et al., 2015; Mann, 2009; Ziegler et al., 2009 ) culminating in the push for a robust sustainability initiative to mitigate impacts on tropical biodiversity and social conditions (Warren-Thomas et al., 2015) .
This study focuses on the autonomous prefecture of Xishuangbanna, in Yunnan, Southwest China ( Fig. 1) , where the effects of rubber cultivation include extreme loss of ecosystem services (Hu et al., 2008) , including a loss of 80 million tons of biomass between 1976 and 2003 (Li et al., 2008) . This involves, among other things, a reduction in structural and functional biodiversity (Zhou et al., 2012) , reduced carbon sequestration Yang et al., 2016) , alteration of hydrological systems (Liu et al., 2014) , soil erosion, and loss of soil carbon stocks (de Blécourt et al., 2013; Liu et al., 2011; Li et al., 2012) , as well as detrimental effects on living organisms (Zheng et al., 2015) and even on the local climate (Zomer et al., 2014) .
At the same time, positive socio-economic effects of the rubber boom have been substantial, lifting many people out of poverty and even leading to considerable wealth for many smallholders, especially in the lowlands Waibel and Huang, 2014; Grötz, 2016) . However, as income from rubber rose, food crop lands were replaced and food now needs to be mostly imported; this has increased livelihood risks and vulnerability (Fu et al., 2010; Waibel and Huang, 2014; Xu et al., 2014) . Beyond degradation of soils and water sources, such vulnerability relates to economic dependence on rubber and the fact that between 2011 and 2015 market prices for natural rubber collapsed, with uncertain prospects of rising again (Warren-Thomas et al., 2015) . Yet, likely scenarios for the future of rubber in Xishuangbanna include the possibility of significant further expansion, or conversion to other monoculture crops such as banana .
These negative effects on ecological and socio-economic sustainability have led to a broad-based agreement among government, researchers, farmers, and plantation managers that the current situation regarding rubber cultivation in Xishuangbanna is unsustainable. Therefore, actions have been undertaken to address its causes, to at least prevent further deterioration and if possible reduce the burden of rubber on the landscape. Researchers have explored a range of approaches involving alternative technologies, practices, and policies to solve the problem of unsustainable rubber practices. Some research focuses on improved plantation practices (de Blécourt et al., 2014; in terms of yield intensification, mixing rubber trees with other trees (crops) or improved undergrowth to reduce surface erosion. This also involves capacity building among indigenous people, which would enable them to cope with environmental variability and socio-economic change (Xu et al., 2005; Yi, 2014) . Other research aims at finding options for alternative livelihoods to offer ways out of rubber dependence, e.g. livestock or high-value tea cultivation (e.g. Riedel, 2014; Zhang et al., 2014) or at creating opportunities for the local population to benefit from tourism (Wen, 2014) . Currently, the owners and organisers of the tourism business tend to be Han Chinese people from outside Xishuangbanna, and the profits from such tourism flow out of Xishuangbanna. Given that Xishuangbanna is a biodiversity hotspot, some research has suggested systematic valuation of ecosystem services (Xi, 2009 ) and appropriate compensation mechanisms (He and Sikor, 2015; Thapa et al., 2014) , including in relation to carbon trading Yi et al., 2014) . Still other research pleads for a more encompassing approach through a reform of Chinese environmental policies to better respond to major changes occurring in relation to ecosystems, food security, energy, water, and climate change (Grumbine and Xu, 2013) .
Despite the large number of publications presenting options for green rubber cultivation, most research tends to focus on biology, hydrology, meteorology, ecology, soil science, and on related technical solutions (often with a specific focus on one of the disciplines) and pays less attention to the integration of these disciplines coupled with analysis of social and economic dynamics that would be involved in decoupling the rubber sector from its unsustainable course. Such dynamics include the hierarchical relationship between the Han Chinese and other ethnic groups prevalent in Xishuangbanna, as documented by Sturgeon and Menzies in relation to rubber cultivation (e.g. Sturgeon and Menzies, 2006) . As Sturgeon and Menzies argue, this socio-cultural dimension of rubber cultivation tends to be left out of discussions on sustainability, although it has played and continues to play a key role. Hence, there have been a number of calls for more integrative and interdisciplinary assessments Cotter et al., 2014; Herrmann and Fox, 2014; Xu et al., 2014) and for participatory landscape scenario definition (Aenis and Wang, 2014) .
This paper responds to these calls in the literature, providing an analysis to inform sustainability-promoting initiatives to support scaling in terms of geographical spread and total number of adopters of sustainable technologies and practices, as well as scaling in the form of increased institutional support for green rubber in policies, incentives, and markets (Wigboldus et al., 2016; Hermans et al., 2016) . Beyond providing knowledge for the context of rubber cultivation in Southwest China, this analysis can provide insights that can inform developments in the broader region, because knowledge generally flows from Xishuangbanna towards Cambodia, Laos, and Myanmar (Sturgeon, 2013) , which are frontiers of expanding rubber cultivation (e.g. Fox et al., 2014; Global Witness, 2014; Liu et al., 2013; Woods, 2012) . The greening of rubber cultivation in Xishuangbanna could therefore have beneficial knock-on effects.
Research methodology: applying the Practice-Oriented Multilevel perspective on Innovation and Scaling
Using the Practice-Oriented Multilevel perspective on Innovation and Scaling (PROMIS) framework (Wigboldus et al., 2016) , we mapped multiple factors relating to rubber cultivation and the associated impacts. This framework was specifically developed to help create integrative perspectives on the scaling of agricultural innovations. In this case, green rubber is the innovation to be scaled, in order to reverse the current negative effects of rubber cultivation. PROMIS builds on a systemic model that has been used more widely to evaluate sustainability in the built environment (Brandon and Lombardi, 2011) and to assess factors involved in scaling sustainable technologies, practices, and policies (Wigboldus et al., 2016) . It builds on the multilevel perspective developed by Geels (2002) , which has been used widely in the context of agricultural sustainability studies (e.g. Ingram, 2015; Hermans et al., 2016) . Fig. 2 is an application of this perspective to the case of rubber in Southwest China (in a simplified presentation). PROMIS helps unravel different dimensions of the current rubber cultivation system that keep it from becoming more sustainable and that affect the scaling of technologies, practices, and policies. It alerts research to the need to identify how a variety of dynamics in scaling interact, simultaneously stimulating change and locking current practice into its unsustainable mode.
The PROMIS framework was used to structure our analysis (notably in defining research questions and the choice of methods to be used in facilitating a multi-stakeholder workshop) as well as to interpret findings (notably in identifying the relevant 'force field' of factors that support or constrain a transition to more sustainable rubber cultivation practice). The research involved two main elements: 1) obtaining individual perspectives from informants representing views of different stakeholder groups through semi-structured interviews with key informants and 2) facilitating a multi-stakeholder perspective through a one-day interactive workshop attended by 12 informants from 10 different organisations connected to six different stakeholder groups (involving some of the same informants interviewed as well as additional informants). The selection of informants was based on an open call at a conference on land use and development in Xishuangbanna, which had 60 attendees from different sectors (Hammond, 2014) , and on purposeful and snowball sampling via the professional networks of the coauthors of this paper, three of whom have worked in Xishuangbanna for at least ten years each. Key informants were selected from the realms of science (national and international knowledge institutes), environmental policymakers, NGOs (community development), business (including state rubber companies), and smallholders (villagers) who could represent viewpoints of important stakeholder groups on the topic of green rubber and therefore help inform an integrative perspective using the PROMIS framework. Interviewees were selected on the basis of expertise with the topic and of actively working on that topic -i.e. they were personally or professionally invested as stakeholders. This included experts who have published on rubber cultivation and its complications in Southwest China from various angles, most notably from the Centre for Mountain Ecosystem Studies (CMES).
Through 18 semi-structured interviews with key informants and the one-day workshop with some of the same and some additional informants, we explored how green rubber is interpreted and perceived by different stakeholders in Xishuangbanna in Southwest China, and discussed opportunities and impediments to scale unsustainable rubber management practice. Interviews typically lasted for 1 h, and translation was used when necessary. The selection of questions to be used in interviews and the workshop was informed by an extensive review of academic literature and grey literature, using Scopus, Bing, Google, and Google Scholar search engines, also relying on local contacts to provide insights into the local language grey literature and on discussion with scientific experts at CMES. At the end of the interview, we showed 2. An integrative perspective on multilevel dynamics that have implications for opportunities to make a transition to a more sustainable rubber sector (adapted from Geels, 2002) . The dominant system of unsustainable rubber cultivation is composed of different dimensions that need to be tackled and would involve scaling of alternative technologies, practices, and policies relating to those dimensions to support green rubber cultivation. This informs research questions such as 'how do stakeholders view relevant dynamics in terms of their capacity to constrain or support a transition to sustainability by scaling sustainable technologies, policies, and practices?', and 'how can stakeholders engage with these multiple factors in a sustainability initiative?' informants a list of various dimensions relating to rubber cultivation practices and asked them firstly how important on a scale of one to five they felt each one was in stimulating or constraining change, and secondly to select the dimensions for which they felt local capacity was weakest. The dimensions were based on the nine core aspects shown in Fig. 2 .
The morning workshop session centred around collaboratively defining green rubber, using a grid based on levels (e.g. farm level, village level, landscape level) and degrees of green (e.g. slightly green, very green). The grid content had been inspired by interview discussions. Participants were, however, encouraged to redefine the categories as they saw fit and to engage in discussion with other participants. The afternoon session used the 'rich picture' technique (Checkland and Scholes, 1999) . Participants were asked firstly to draw the Xishuangbanna landscape as it is today and then to superimpose things that would need to be different if green rubber were to become widely adopted. There was a final closing discussion for the day in which tentative conclusions on the outcome of both the morning and the afternoon session were exchanged. The workshop was highly interactive and facilitated in Mandarin.
Initial descriptions and findings from the interviews and workshop were cross-checked with CMES researchers who have conducted extensive research on rubber cultivation in the past. They had only minor comments. We also found the findings to be consistent with the literature studied as part of this research. In the following, we present key results from the study and explore implications for further research and for connecting the integrative perspectives thrown up by our study to opportunities for change in Xishuangbanna and beyond.
Results part 1: perspectives on green rubber
Green rubber -or sustainable rubber -is a relatively new term (e.g. van den Beemt, 2011; World Agroforestry Centre, 2016), and its interpretation differed between stakeholders. Through the interviews and workshop, we facilitated a consensus on the criteria for green rubber and the changes required in practices, technologies, and policies (see Table 1 ). According to informants, these changes would need to take place at different levels: plot/farm level, village level, and district/prefecture level, the latter relating to the wider landscape in Xishuangbanna. Informants distinguished between different degrees of aspired sustainability gains in the process of greening rubber cultivation, and informants themselves drew up a classification scheme during the workshop, ranging from 'light green' (limited sustainability gains) to 'dark green' (large sustainability gains), to clarify the type of activities to be expected. It was recognised that, in order to achieve true sustainability, deep changes that might initially seem undesirable were required, and so a route from 'light green' to 'dark green' was described.
Results part 2: constraining and enabling factors in scaling green rubber
There was general agreement among stakeholders that multiple factors combined to keep rubber cultivation locked into unsustainable practices and that a change towards green rubber would involve addressing an equally wide range of factors. Although the exact scores differed slightly between informants, generally all of them gave high scores to most of the factors -meaning that they considered that the greening rubber topic is totally enmeshed in all manner of dimensions and must be addressed holistically. The average scores of the importance of factors in terms of the need to address them in a sustainability-promoting initiative are presented in Fig. 3 . The scoring shows some variation, but a clear pattern. The factors are an elaboration, translation, and further specification of the nine core Table 1 Dimensions and ranges of green rubber at different scale levels as defined by workshop participants.
Level of practice
Degrees of sustainability (also relating to the degree of difficulty in achieving sustainability) dimensions in the PROMIS framework as elaborated in Fig. 2 for the relevant context of rubber cultivation in Southwest China. From the interviews and the workshop, a number of priority issues emerged that need to be addressed. Firstly, researchers and policymakers need to become much better connected to smallholders in reciprocal ways. Researchers and government agencies are producing knowledge and information, but are not interactively exploring ways forward with smallholders and responding to their specific knowledge needs, and levels of reciprocal trust and respect are low. The resultant malfunctioning system for supporting the scaling of green rubber limits opportunities for change. New patterns of communication, collaboration, and coordination among stakeholders would need to be developed, most notably between experts and smallholders. Secondly, there is a lack of integrated land-use planning between government departments, but also at village level, where traditional planning systems have been eroded by self-interest springing from potentially lucrative rubber incomes and other cash crops. This also relates to land-use decisions being primarily motivated by financial-economic incentives and not by environmental or socio-cultural concerns (as they were traditionally). This touches on deeply ingrained patterns (paradigms) that have been institutionalised in practices and processes at all levels and affect all stakeholders. Finally, although there is a clear need for institutional changes, there is also a lack of proven alternative crops or income sources, including a lack of infrastructure for accessing markets and product processing. A major lock-in factor was that the high income enjoyed from rubber makes it hard for farmers to even consider moving into alternative livelihood options, without having firm confidence that incomes will remain high. The possibility of tourism providing alternative income-generating opportunities for smallholders was also raised by a number of respondents. Currently, local people receive a small proportion of total revenues generated from tourism, which could be increased given the correct enabling conditions. Informants interviewed as well as workshop participants expressed ideas on what could be done to address these issues, ranging from enhancing the availability of, and access to, expert and local (farmers') knowledge, to enhancing green policies and regulations, notably in terms of implementation and enforcement, providing compensation for ecologically sound practices, and enhancing environmental education. Informants did not agree upon one or two factors that would be able to unlock the stalemate in moving towards rubber sector sustainability. Identified responsibilities for decision making and action in relation to the various factors are spread out over actors ranging from government and scientists to companies and individual farmers. This confirms suggestions by Warren-Thomas et al. (2015) that a sustainability-promoting initiative will need to be broad-based, mitigating the effect of lock-in factors and dynamics in the current rubber system, as well as capitalising on factors and dynamics that can potentially unlock opportunities for a transition towards sustainable practice. We present the range of lock-in and enabling factors in the diagram in Fig. 4 . A sustainability-promoting initiative will need to engage with this force field.
Discussion: tackling the challenges to scaling green rubber through facilitated multi-stakeholder interaction in Xishuangbanna
Since the introduction of rubber in the mid-1900s, rubber cultivation has become connected to many aspects of Xishuangbanna society, and, as our results show, changing rubber practices will require more than promoting knowledge about technical solutions. In order to facilitate a transition towards green rubber, many factors would need to be addressed in the scaling of alternative technologies, practices, and policies, all of which could have a knock-on effect on the land-use system beyond rubber. Hence, as rubber is the major crop in Xishuangbanna, it could be used as an entry point to build necessary capacities among smallholders, villages, and institutions to manage land use sustainably, Fig. 3 . Scoring by informants and workshop participants of the perceived significance of change factors to be addressed in scaling up green rubber practice.
to develop more resilient incomes, and, perhaps most importantly, to hold reciprocal and meaningful dialogue between the levels (i.e. plot/farm level, village level, and district/prefecture level). This means that issues involved in making a transition to green rubber should not be addressed in isolation, but as part of wider landscape governance (van Noordwijk et al., 2012; Sturgeon et al., 2014) , involving landscape-level diversification with local specialisation. A landscape perspective enacted at the district/prefecture level would need to take rubber as one of the (main) forms of land use, considering interactions, trade-offs, and potential synergies in view of other (possible) forms of land use. For example, such a landscape perspective could help prevent an initiative with a focus on sustainable rubber leading to the same problems emerging in an alternative cash crop -for example banana -which would take the place of rubber, with the danger of repeating the cycle of boom and bust with another crop. Many of the lowland valleys are climatically suitable to bananas, and there is a well-developed transport infrastructure. Bananas have already been established widely, and banana plantations are even visible on high and remote hills.
As deeply ingrained patterns of short-term gains have been the main driver of decision making (see also Fig. 4) , a transition to green rubber is likely to be gradual. This requires the development of complementary short-term (e.g. working with actors and factors that are ready to change), medium-term, and long-term scenarios (Campbell et al., 2015) , as well as the development of complementary top-down (such as government policy to limit environmental damage) and bottom-up (such as farmers learning about cropping systems) sustainability-promoting initiatives (Millstone et al., 2015) . The perspective developed by local informants during the workshops (Table 1) seems to dovetail with these calls from Campbell et al. (2015) and Millstone et al. (2015) . However, such a multi-tiered and long-term action plan will require institutional changes supporting, for example, greener mind-sets and more reciprocal relationships between experts and smallholders. Such change involves paradigm shifts in the way that all stakeholders think, act, and interact with one another, and moves beyond the specific crop of rubber, entailing the whole nature of sustainable relationships between humans, their host landscapes, and the supporting ecosystems (Liu and Leiserowitz, 2009 ). In the transition to sustainable rubber cultivation, the variety of entry points required to relate to the different dimensions distinguished in Fig. 2 -from finding economic alternatives to developing green mind-sets -need to work in tandem to prevent merely shifting problems to other types of land use.
These kinds of changes cannot be expected to happen spontaneously and need to be facilitated and enabled through interactive processes; this often requires specific support (actors/groups/projects) to take up a specific and focused role to facilitate shared learning spaces and convergence among visions, motivation, and stakeholder efforts (Klerkx et al., 2009 ). This involves facilitating societal problem-solving in relation to land-use planning (Herrmann and Fox, 2014; Sterk et al., 2011) , particularly in addressing trade-offs between economic interests and environmental benefits. The workshop that was part of this research, together with an earlier rural innovation platform initiative in which different stakeholders are working together to enable green rubber scaling (Hammond, 2014) , uncovered broad-based agreement among stakeholders that attempts to facilitate the convergence of ideas and efforts were worthwhile, productive, and appreciated. Currently, no single actor has a mandate or the capacity to provide overall strategic guidance to facilitate change. The Xishuangbanna prefecture government in principle has such mandate, but because of its limited capacity to take up such role and poor reciprocal communications between government and villagers, informants thought that their possibilities were limited at this stage. To create sustained societal and policy support for this, multi-stakeholder collaboration will need to be shaped with Chinese characteristics (Grumbine and Xu, 2011; Keping, 2012) while at the same time establishing reciprocal communication and trust between farmers and the experts and political leaders. The recent research for development platform activities and communications facilitated by the Centre for Mountain Ecosystem Studies and World Agroforestry Centre (CMES/ICRAF) have illustrated what is possible in terms of facilitating stakeholder interactions (Hammond, 2014) . For example, they showed that it is possible to convene a wide range of stakeholders with different stakes in rubber cultivation to discuss common concerns and explore opportunities for breaking unsustainable patterns. However, without sustained sponsorship for this multi-stakeholder-support function, this is not likely to continue as it involves interactions for which there are no existing fora in Xishuangbanna. 
Conclusion
In order to promote the scaling of green rubber cultivation, this paper contends that more needs to be done than merely develop standards and introduce new technologies. As Warren- Thomas et al. (2015) concluded, there is a need for robust sustainability initiatives, and we would argue that 'robust' includes the need to develop mechanisms that integrate technical knowledge, enhance social relationships, and present a forum for reconciling -or at least acknowledging -the differing needs, knowledge, and objectives of different groups, and transcending the power dynamics between smallholder farmers and government and researchers. As the paper has shown, applying PROMIS to an integrative analysis with stakeholders sheds light on the different dimensions in which changes need to be made to foster the scaling of green rubber. Opportunities for tipping the balance in favour of green rubber as discussed in this short communication relate to the context of Xishuangbanna, but similar conditions exist in other places in the region. Therefore, the relevance of this case across borders in Southeast Asia concerns in particular two routes of influence: through cross-border (ethnic) connections (Sturgeon, 2013) and through expanding interests of Chinese rubber companies in the Mekong region (Hicks et al., 2009; Smajgl et al., 2015) . Therefore, changes for better or worse in Xishuangbanna have the potential to spill over into the wider Mekong region or even more extensively.
